Shuttle vectors (pMS3 and pMS4) which replicated in Escherichia coli and in gram-positive Acetobacterium woodii were constructed by ligating the replication origin of plasmid pAM,V1 with the E. coli cloning vector pUC19 and the tetM gene of streptococcal transposon Tn916. Electrotransformation of A. woodii was achieved at frequencies of 4.5 x 103 transformants per ,ug of plasmid DNA. For conjugal plasmid transfer, the mobilizable shuttle vector pKV12 was constructed by cloning the tetM gene into pAT187. Mating of E. coli containing pKV12 with A. woodii resulted in transfer frequencies of 3 x 10-6 to 7 x 10-6 per donor or recipient.
Acetobacterium woodii, a strictly anaerobic gram-positive bacterium, is able to form acetate from either sugars or H2 and CO2. This latter characteristic makes it useful as one of the model organisms for the investigation of the reactions leading to CO2 fixation via the reductive acetyl coenzyme A or Wood pathway (10, 18, 22, 31) . Although acetate is the main fermentation product, it has been shown that this bacterium can also produce (and ferment) ethanol when excess reducing equivalents (or sufficient bicarbonate as an electron acceptor, respectively) are present. The respective enzyme activities (alcohol and acetaldehyde dehydrogenases) were found to be regulated (6) . Acetaldehyde dehydrogenase was recently purified (7) . To understand the regulation mechanisms involved in CO2 fixation and ethanol metabolism, genetic studies are indispensable. So far, only the transfer of Tn916 and Tn925 via conjugation and their potential use for mutagenesis in A. woodii have been reported (25) . In this work, we describe the construction of several novel shuttle vectors and their transfer into A. woodii by electrotransformation and conjugation to allow the use of recombinant DNA technology for the study of the metabolic and regulatory features of A. woodii.
Bacterial strains, plasmids, growth conditions, and plasmid isolation. The plasmids and bacterial strains used in this study are listed in Table 1 . When present, antibiotics were used at the following concentrations: ampicillin, 50 ,ug/ml; chloramphenicol, 20 pLg/ml; kanamycin, 50 p.g/ml; penicillin, 10 ,ug/ml; and tetracycline, 10 to 20 p.g/ml.
Escherichia coli was cultivated in LB medium (23) . Enterococcus faecalis was grown in Elliker broth or antibiotic medium 3 (both from Difco Laboratories, Detroit, Mich.) or SGM17 (8) . Clostridium acetobutylicum was cultivated in either modified CBM (2) or 2 x YT broth (20) . A. woodii was grown in GPM broth (25) , and Bacillus subtilis was grown in antibiotic medium 3. Media for C. acetobutylicum and A. woodii were prepared under strictly anaerobic conditions. All strains were grown at 37°C, except for A. woodii, which was cultured at 300C. * (29) was followed. Plasmid DNA was isolated from A. woodii transformants by a modification of the procedure of Birnboim and Doly (4). The bacterial pellet from a 10-ml culture (maximum optical density at 600 nm, .1) was washed three times with 50 mM potassium phosphate buffer (pH 7) and then suspended in 300 p.1 of buffer containing 0.8% (wt/vol) sucrose, lysozyme (10 mg/ml), achromopeptidase (5 mg/ml; WAKO Chemicals GmbH, Neuss, Germany), 50 mM Tris-HCl (pH 8), 10 mM EDTA, and RNase A (400 p.g/ml). After 60 min of incubation at 37°C, 300 ,ul of 1% (wt/vol) sodium dodecyl sulfate (in 200 mM NaOH) was added and the mixture was incubated for an additional 10 min. Then, 300 p.l of sodium acetate (pH 4.8) was added and mixed gently. After extraction with phenol-chloroform (1:1 [vol/vol] ) and chloroform, the plasmid DNA was ethanol precipitated, washed once with 70% (wt/vol) ethanol, vacuum dried, and suspended in TE buffer (23) .
Shuttle plasmid construction and electroporation. The new shuttle vectors (Fig. 1) were based on replicons from the well-characterized E. coli plasmids pBR322 and pUC18 (23) . The tetracycline resistance gene of Tn916(tetM) was used as a selective marker, since this gene had been shown to be one of the few reliable antibiotic resistance determinants in A. woodii (25) . Furthermore, tetM is well expressed in a variety of different bacteria (3, 16) , thus contributing to the intended use of the new plasmids as broad-host-range shuttle vectors. As a first step, the HincIl B fragment of pAM120 containing the tetM gene was cloned into the SmaI site of pBluescriptSK+ (pSK+) and transformed into E. coli XL1-Blue, resulting in plasmid pMH1, with a size of 7.8 kbp. DNA was manipulated by standard procedures (23) . Restriction endonucleases and DNA-modifying enzymes were used according to the instructions of the manufacturer (GIBCO BRL GmbH, Eggenstein, Germany). pMH1 was cut with HaeIII, and a 4.9-kbp fragment which contained the tetM gene and an additional EcoRI site at one end was isolated. This fragment was subcloned into the SmaI site of pSK+ and transformed into E. coli XL1-Blue, yielding plasmid pMH2. pMH2 thus carries two EcoRI sites that easily allow the isolation of a tetM gene cassette. The first shuttle vector, pMS1, was made by inserting the tetM cassette into pAK201, a bifunctional plasmid able to replicate in E. coli APPL. ENVIRON. MICROBIOL. Plasmids pMS1 to pMS4 were tested for transformation by electroporation and expression in A. woodii. Selection was based on the presence of tetracycline. An overnight culture of A. woodii (1 ml) was inoculated into 10 ml of GPM broth and grown to an optical density at 600 nm of 0.5. Cells were harvested by centrifugation (4,000 x g, 10 min, 4°C), and the sediment was suspended in 10 ml of ice-cold, strictly anaerobic 270 mM sucrose solution, collected in a Hungate tube, and then washed twice in 10 ml of ice-cold, strictly anaerobic sucrose solution. The pellet was suspended in 200 pL1 of sucrose solution and transferred on ice into an anaerobic chamber. Purified plasmid DNA (0.25 to I p.g) was added to 40 ,ul of cell suspension and mixed thoroughly, and the mixture was transferred to a 0.2-cm electroporation cuvette and kept on ice for 5 min. The cells were then exposed to one high-voltage electric pulse. Maximal transformation efficiency was obtained with an electric pulse of 10 kV in combination with an electric resistance of 400 fl at 25 ,uF. Following electroporation, the cells were kept on ice for 5 min. For expression experiments, the electroporated A. woodii cells were diluted in 960 .1I of GPM broth and incubated for 7 h at 30°C before serial dilutions were plated on selective media. CFU were determined on GPM agar without antibiotics. Methods already described (8, 9, 20) were used for electroporation-induced transformation of intact cells of C. acetobutylicum, E. coli, and E. faecalis. All experiments were carried out with a Bio-Rad Gene Pulser apparatus with a pulse controller. The results are shown in Table 2 . As expected, all four plasmids could be transformed into E. coli and were replicated in this host. A. woodii and E. faecalis accepted only pMS3 and pMS4, both containing the replicon of the broad-host-range vector pAMP1, whereas C. acetobutylicum also accepted only pMS1 and pMS2 (although transformation occurred at lower frequencies). The presence of pMS3 and pMS4 in the transformants was confirmed by gel electrophoresis of isolated plasmid DNA or Southern hybridization (data not shown). Transformation efficiencies for A. woodii were in the same range as those reported for many other gram-positive bacteria (30) . The low frequencies obtained with C. acetobutylicum were probably due to the high level of nuclease activity in this organism (5, 17) and the presence of a specific restriction endonuclease that has been shown to be a major barrier to electrotransformation (19) (26) (27) (28) . Such a conjugation system is of advantage when no electroporation apparatus is available or when the recipient has a high level of extracellular nuclease activity.
An earlier attempt to introduce pAT187 into A. woodii by mating with an appropriate E. coli donor had failed (25) .
However, this failure might have been due to the fact that the kanamycin resistance determinant was a weakly selective marker in gram-positive anaerobes (28) . Therefore, the tetM gene was inserted into the unique SmaI site of pAT187 as a 4.9-kbp HaeIII fragment of pMH2. The resulting construct, pKV12, was 15.3 kbp in size and is shown in Fig. 1 . This plasmid was introduced into E. coli S17-1, which carries all necessary functions for mobilization on the chromosome (24) . Mating of E. coli S17-1(pKV12) with A. woodii, B. subtilis, and E. faecalis, done as described by Bertram et al. (3) , and selection for tetracycline resistance resulted in conjugal transfer of the plasmid in all cases ( Table 3) . The 
